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Abstract-Experiments
were performed on cats anesthetized with pentobarbital sodium and gallamine triethiodide.
Gastric motility was recorded by a balloon method.
The excitatory response to electrical stimulation of the vagal trunk was composed of an initial response during the stimulation period and a late response following stimulation.
The maximal excitation of the initial response was elicited by a short pulse duration and that of the late response by a long pulse duration. The initial response was inhibited by treatment with hexamethonium or atropine. The late response was hexamethonium-resistant.
This hexamethonium-resistant response was inhibited by atropine, hemicholinium and morphine, and enhanced by physostigmine.
Treatment with (D-Pro2, D-Trp7,9)-substance P did not affect the hexamethonium-resistant response. Treatment with morphine inhibited the late response without affecting the initial response.
From these results, it was suggested that the initial excitatory response was probably due to the activation of the parasympathetic cholinergic fibers. The late response might be due to the activation of the vagal afferent cholinergic fibers, since the pharmacological nature of the late response was similar to that in the cat with supranodose vagotomy (surviving afferent fibers) in our previous reports.
The composition of vagal efferent and afferent fibers in cats is worked out using the conventional degeneration technique and the fibers surviving after chronic supranodose vagotomy are almost entirely sensory with their cell stations in the nodose ganglion (1 4). Recent electron microscopic studies have shown that the composition of afferent fibers in the vagal trunk of cats is more than 90% of the total fibers (5) .
Previous studies in our laboratory have shown that the transmission through the superior cervical ganglion reinnervated by the vagal afferent fibers is inhibited by both nicotinic and muscarinic blocking agents. Neurochemical studies demonstrated that the activities of choline acetyltransferase and cholinesterase in the superior cervical ganglia reinnervated by the vagal afferent fibers were higher than those in the preganglionically denervated ganglion (6, 7) . These findings suggested that feline vagal afferent fibers are at least in part cholinergic.
In cats with chronic supranodose vagotomy (for degen eration of the parasympathetic efferent fibers at the supranodose ganglion level), the features of the afferent response of the stomach to stimulation of the vagal trunk are as follows: to elicit the maximal response, rather long pulse duration is required and the response is hexamethonium-resistant, atro pine-sensitive and morphine-sensitive (8, 9) . It may be possible to elicit such a cholinergic afferent-excitatory response of the stomach by stimulating the intact vagal trunk, which contains parasympathetic efferent and afferent fibers.
The present experiments were undertaken to differentiate the vagal afferent response of the stomach from the parasympathetic efferent response in normal cats (without chronic supranodose vagotomy), using short or long pulse stimuli and pharmacological agents.
Materials and Methods
Twenty-five cats of either sex, weighing 2.5 to 3.5 kg, were used. The animals were deprived of food but had free access to water 24 hr prior to the experiment. Anesthesia was induced with ether and pentobarbital sodium (10 mg/kg, i.v.), and a tracheal cannula was inserted. The right femoral vein was cathe terized and gallamine triethiodide (20 mg/ ml) was continuously infused at a constant rate (1.48 ml/hr). Artificial respiration was maintained by a respirator at a rate of 15 strokes/min with an air volume of 50 ml per stroke. The left femoral vein was catheterized for drug administration. The body temperature of animals was kept at approximately 38'C by an electrical pad with a rectum thermister.
Recording the motility of the stomach: Gastric motility was recorded using a rubber balloon connected to a catheter introduced via the esophagus.
Intragastric pressure was maintained at a water height of 5 to 10 cm. Changes in intragastric pressure were recorded on a polygraph (San-Ei Instrument Co., Ltd.) through a pressure transducer. To eliminate involvement of a and '3-adreno ceptors, phentolamine (2 mg/kg, 1.v.) and propranolol (1 mg/kg, i.v.) were administered.
Nerve stimulation: The neck of the animal was opened. Both sides of the vagal trunk were dissected caudal to the nodose ganglion, and the cut ends were ligated. To apply electrical stimulation to the distal trunk of the left vagus, a paraffin (saturated with saline) pool in the cervical part was made by tying skin flaps to metal frames as described by Fujiwara et al. (7) . The trunk was stimu lated by platinum electrodes and rectangular pulses of various durations, 10 Hz in fre quency, 1 5 volt in intensity, for 10 sec.
Measurement of effects of various agents on the response of the stomach: Effects of various agents on the excitatory response of the stomach were expressed as percent changes. The height of the response before administrations of agents was taken as 100% (control), and the changes of the height after administrations of various agents were ex pressed as percent changes to the control. Drugs: Drugs used were phentolamine mesylate (Regitin; Ciba-Geigy Japan, Ltd., Takarazuka, Japan), propranolol hydro chloride (Inderal; Sumitomo Pharmaceuticals Co., Ltd., Osaka, Japan), hexamethonium bromide (Nakarai Chemicals, Ltd., Kyoto, Japan), atropine sulfate (Wako Pure Chemical Industries, Ltd., Osaka, Japan), physostig mine salicylate (Sigma Chemical Co., St. Louis, MO), hemicholinium-3 hydrate (Al drich Chemical Company, Inc., Milwaukee, WI), morphine hydrochloride (Takeda Chemi cal Industries Co., Osaka, Japan), (D-Pro2, D-Trp7'9)-substance P (Peptide Institute, Inc., Osaka, Japan). The drugs were dissolved in saline.
Statistics: Results are presented as means± S.E. Statistical significance was calculated by Student's t-test for unpaired comparisons. to the pulse duration of electrical stimulation of the vagal trunk. With a short pulse duration, an initial excitatory response was elicited during stimulation, and after the cessation of stimulation, the tone rapidly returned to the basal level. With a longer pulse duration, such an initial exci tatory response was followed by a slowly developing excitatory response after the cessation of stimulation. Thus, the excitatory response of the stomach was divided into two components, an initial response during stimu lation of a short pulse duration and a late response following stimulation with a long pulse duration. The relationship between the pulse duration of stimuli and the excitatory response is shown in Fig. 2 . The threshold duration for producing an initial excitatory response was less than 0.01 msec, and the response showed the tendency to decrease with prolongation of pulse duration of stimuli ( Fig. 2A) . The threshold for a late excitatory response was about 0.01 msec, and the excitatory response was enhanced by in creasing pulse duration. The duration to obtain the maximal excitatory response was 1 msec (Fig. 2B) , and the relationship between the pulse duration and the response was similar to that in chronic supranodose vagotomized cats with degenerated efferent but surviving afferent fibers (8, 9). and these were almost completely abolished by 30 ,ag/kg. In the following experiments, the nature of the hexamethonium-resistant response pro duced by a long pulse duration (3 msec) was analyzed. • : the initial excitatory response of the stomach. Horizontal bar: the late exci tatory response of the stomach.
Vertical scale: 5 cm water height. Horizontal scale: 5 min. Effects of atropine, physostigmine, hemi cholinium, morphine and (D-Pro2, D-Trp7'9) substance P on the hexamethonium-resistant response to vagal stimulation with a long pulse duration: Twenty min after the first administration of hexamethonium (10 mg/ kg, i.v.), the same agent was again adminis tered to completely block the nicotinic receptors. Then, the effects of the following agents on the hexamethonium-resistant re sponse were investigated. The administration of atropine (3, 10 and 30 ,ag/kg, i.v.) caused a dose-dependent inhibition of the response (Fig. 4A and Table 1 ), and the inhibition was not recovered within 120 min. On the other hand, treatment by physostigmine (300 ag/ kg, i.v.) enhanced the response by 33% (mean value, n=4) (Fig. 4B) . As shown in Fig. 4C , the administration of hemicholinium (10 mg/ kg, i.v.) almost completely inhibited the excitatory response in 4 cats. The adminis tration of morphine (5 mg/kg, i.v.) attenuated the response by about 51% of the original response (n=3) (Fig. 4D) . In three cats, the substance P antagonist (D-Pro2, D-Trp7'9) substance P (250 and 500 'cg/kg, i.v.) did not affect the excitatory response at all.
Effects of morphine on the initial and late excitatory responses to electrical stimulation of the vagal trunk: Effects of morphine on gastric excitatory responses were analyzed without administration of hexamethonium. The administration of morphine in doses below 100 fg/kg, i.v. did not affect either the initial or the late response to vagal stimulation with 3 msec pulse duration. However, mor phine in doses of 1, 3 and 5 mg/kg inhibited dose-dependently the late excitatory response without affecting the initial response, and the extents of the inhibition (mean values, n=4) were 25%, 38% and 56% respectively, as compared with the response before adminis Fig. 4 . Effects of atropine, physostigmine, hemicholinium and morphine on the hexamethonium resistant, late excitatory response of the stomach to stimulation of the vagal trunk (10 Hz in frequency, 3 msec in duration and 1 5 volt in intensity for 10 sec).
• : the initial excitatory response of the stomach. tration of morphine (Fig. 5) . Discussion The present study demonstrated that the excitatory responses of the stomach to vagal stimulation in cats is composed of two types of responses: the initial one during stimulation by a short or long pulse duration stimulus is hexamethonium and atropine-sensitive but morphine-resistant, while the late one, which occurs after the stimulation of the vagal trunk by a stimulus of longer pulse duration, is hexamethonium-resistant but atropine and morphine-sensitive.
The only response seen in cats with chronic supranodose vagotomy was the late excitatory response (9) , and the relationship between the pulse duration and the response was similar to that seen in the late excitatory response in normal cats. The initial response to either short or long pulse duration was hexamethonium and atropine-sensitive, and it was probably due to activation of para sympathetic cholinergic nerves. On the other hand, the late excitatory response to a stimulus of longer pulse duration was hexa methonium-resistant, inhibited by atropine and hemicholinium, and enhanced by physo stigmine. These two types of responses were clearly differentiated by the pulse duration of stimuli and administration of hexamethonium. The observation of hexamethonium-resistant excitatory responses to vagal stimulation with longer pulse duration was compatible with our previous observation that stimulation of the vagal trunk with chronic supranodose vagotomy (degeneration of parasympathetic efferent fibers) produced only a late gastric response to longer pulse duration (8, 9) . The present findings were in agreement with those of Delbro et al. 1) They did not report any late excitatory response of the stomach at long pulse duration before administration of hexamethonium in their experimental method, but we observed both excitatory responses (initial and late) at long pulse duration without administration of hexamethonium;
2) A substance P antagonist was effective in their experimental method, but was not effective in ours. Although there are no clear explanations for these differences, they are likely due to the different recording methods (constant volume in our experi mental method and constant pressure in Delbro's method). This difference may affect the pattern of response and the effectiveness of the substance P antagonist. Indeed, the response varied according to our experi mental method. Under the present experi mental method (constant volume to record the response), the inhibitory response of the stomach to stimulation of the vagal trunk was not observed. In contrast with this method, using the volume recording system, distinct excitatory responses were not always seen but this method clearly recorded the inhibitory response to vagal stimulation (13).
The effect of atropine, physostigmine and hemicholinium on the hexamethonium-resis tant excitatory response in the present experi ments was in agreement with our previous findings in chronic supranodose vagotomized cats (8, 9) . Thus, the late response to a longer pulse duration could be elicited by activation of the cholinergic neurons in between the nodose ganglion and the gastric wall, and the fibers involved might be vagal afferents. Another interesting finding was the enhance ment of the late excitatory response by hexamethonium, as was also seen in the cat with supranodose vagotomy. At present, there is no clear explanation for this enhance ment. Some vagal afferent fibers may have connections with inhibitory neurons in the stomach and this neuron activity may be blocked by hexamethonium. There was another clear difference between the initial and the late excitatory response of the stomach.
Morphine had no effect on the initial response but inhibited the late response as shown in a preliminary report (14) . This indicates that the nature of the fibers that elicit each response is pharmacologically different. Indeed, in early studies on the effect of morphine in guinea-pig intestine in vitro, Schaumann (15, 16) suggested that morphine inhibited the release of acetyl choline from nerve fibers or nerve endings of an unknown nature. There might be different types of cholinergic fibers in terms of suscep tibility to morphine. We have reported that the vagal afferent fibers in the cat are, at least in part, cholinergic (6, 7) . Moreover, there are definitely detectable amounts of ACh in nodose ganglion following chronic supra nodose vagotomy in the cat (9) .
The present experiments demonstrated that in normal cat, the late excitatory response of the stomach (vagal afferent response) and the initial excitatory response of the stomach (vagal efferent response) could be differen tiated by using stimuli of different pulse duration and by the administration of hexa methonium or morphine. The pharmacological natures of the late excitatory response of the stomach of the normal cat were similar to those of the late excitatory response in the cat with chronic supranodose vagotomy.
